In November, 1935, a female infant (M. B.) of 10 weeks died in the New Haven Hospital of whooping cough. There was a history of familial exposure and the clinical course in M. B. was typical, being accompanied with a lymphocytosis and positive cough-plates. Death occurred in the third week of the illness and autopsy revealed a characteristic interstitial pneumonia from which H. pertussis was recovered in pure culture, both from the bronchi and from pieces of lung.t Previous attempts to infect monkeys by the intratracheal inoculation of fresh strains of H. pertussis obtained by cough-plates from cases of whooping cough had yielded irregular results.' Accordingly, it seemed desirable to make another attempt with the M. B. strain since it had been recovered from the pulmonary lesion in pure culture. Therefore, two Macacus rhesus monkeys were inoculated intratracheally, monkey No. I with a 20 per cent lung suspension (M. B.) and monkey No. 2 with 5 cc. (2 plates of 72-hour growth) of a saline suspension of the first subculture from the lung. Both animals were observed for a period of 21 days; weights, temperatures, white and differential counts, and nose cultures were studied. Nothing of note was observed during this period. It was then decided to try the M. B. strain in ferrets and it was found that they developed a severe disease, at times fatal, following intratracheal and intranasal inoculation. This report describes these experiments. Methods The animals used were healthy ferrets of the albino and fitch varieties. Preliminary observations were made upon weights, rectal temperatures, respirations, and nose cultures. The latter were taken * From the
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with a fine wire loop and were streaked on both blood agar and Bordet-Gengou media. White blood counts and differential counts were made on a few animals.
Inoculation: The intratracheal route was at first employed but it was subsequently found that the intranasal route was as effective. The inoculum consisted of a saline suspension of the M. B. strain, a 72-hour growth on three fresh Bordet-Gengou plates 10 cm. in diameter (20 per cent human citrated blood used). The growth of each plate was gently scraped and washed off with 3 cc. of physiologic saline, about 2.5 cc. being usually recovered from each plate. Mouse virulence and agglutination tests with specific antiserum (Phase I) were carried out with each batch of inoculum used. The strain was kept on Bordet-Gengou media throughout the study, but the later cultures had experienced passages through ferrets or mice. No change was observed in the growth and morphologic characteristics, the antigenic properties, or the virulence of this strain for white mice throughout the study. The mouse virulence test, which has been discussed in detail in another report,* consisted in the intranasal instillation of 4 drops of the suspension under light anesthesia. Death usually occurred within from 2 to 4 days and at autopsy the mice showed a diffuse pneumonia with lung and blood cultures positive for H. pertussis.
For intratracheal inoculation ferrets were anesthetized with ether. An incision was made in the neck, the trachea was exposed, lifted up by a blunt hook, and the inoculum was injected through a 27-gauge needle. The Necropsy: At first the animals were sacrificed by a blow at the base of 'the skull, but the method was discontinued because small hemorrhagic areas in the lungs were not unusual. Subsequently, all animals were sacrificed by extended ether anesthesia. Postmortem examinations were done at once. Aseptic precautions were observed and cultures were taken of different portions of lung and heart blood. No anaerobic methods were used. The cultures were observed for a period of 5 days before being recorded as negative.
The lungs, trachea, and heart were removed and spread on a piece of blotting paper. The lungs were fixed in 10 per cent formalin and a section of the entire lung was stained with hematoxylin and eosin. Experimental Intratracheal Inoculations:
Three types of inocula were used: first, inoculation of a suspension of living organisms in a 2.5 cc. dose, the equivalent of 1 Bordet-Gengou plate; second, inoculation of suspensions of the lungs of animals which had received the cultures; and third, inoculation of heat-killed organisms (35 min. at 580 C.).
Virulent Organisms: Six ferrets (Nos. 2, 3, 6, 8, 19, 27) were inoculated intratracheally with 2.5 cc. of a saline suspension, and one ferret (Fl 5) was inoculated with 1 cc. The course in these animals was similar. It was characterized by fever beginning within 12 to 24 hours after inoculation and persisting for from 7 to 14 days, rapid loss of weight, increase in respirations from 60 per minute to about 140, and the appearance of radiographic changes which persisted for a long time (4 to 8 weeks) after the temperature had returned to normal (Fig. 1) . The animals appeared sick and refused to eat. The eyelids at times were stuck together with exudate, but the nose remained comparatively clear. No cough was noted, but sneezing was common. The blood picture in two animals studied showed a leukocytosis with polymorphonuclear leukocytes predominating. One animal in this series died on the 15th day. The organism was usually recovered from the nose culture and lungs at postmortem early in the disease (2nd to 5th day) but after this period positive cultures were unusual. The typical course of events following intratracheal inoculation of virulent organisms is illustrated by Chart I and Fig. 1 It is of interest to compare the lesions in these animals with those of the human case (M. B.) of pure H. pertussis pneumonia from which the organisms used in the experiments were derived. Histologically, the lesions in the third week resemble those in the ferrets during the second, with certain differences. In the infant, the peribronchiolar collars are composed largely of large mononuclear cells with a few polymorphonuclears, rather than of lymphocytes, and there are no perivascular collars as in the ferrets. This exudate extends into the walls of the alveoli. Much amorphous material that does not give the reaction for fibrin in the Gram stain occupies the lumina of the alveoli. These, as in the ferrets, are lined by strikingly tall cells. The epithelium of the bronchioles also is taller than usual. The pleura and septa are edematous. Inclusion bodies are not found.
Summary of Pathology: It may be tentatively stated that under the conditions of the experiment, at the fourth day the changes are those of a non-necrotizing focal pneumonia. On the fifth day an interstitial exudate appears which by the fifteenth is the dominant element. This may resolve completely or leave non-expanded zones. The pathology at certain stages is not unlike that in a case of human H. pertussis pneumonia or that produced experimentally in rabbits by Sprunt, Martin, and Williams.4
Immunity When the ferrets that had recovered from previous intratracheal or intranasal inoculations of H. pertussis were reinoculated at varying intervals to determine immunity, several interesting observations were made. Thirteen ferrets which had recovered were tested for immunity 25 to 178 days following the initial intranasal inoculation of living H. pertussis. Suitable control animals were also used in each experiment. Those ferrets having had pneumonia were x-rayed before reinoculation to determine whether the lungs were clear. It was found that the previously inoculated ferrets reacted similarly to the controls according to the dose used. The following table shows the results upon intranasal reinoculation. No immunity to intranasal reinoculation of living H. pertussis was demonstrated in ferrets which had recovered from a previous inoculation regardless of the time interval employed. The latter are indicated in Table III. It is of interest to note that the reaction was similar even when heat-killed organisms were used in the reinoculation. Table IV shows the reaction of ferrets recovered from an inoculation of living organisms to reinoculation with heat-killed organisms. The time of the test in this experiment ranged between 35 and 146 davs after the initial inoculation of living H. pertussis. In no instance did these ferrets react differently than did the controls.
The immunizing activity of heated cultures was also tested. Ferrets which had recovered from the initial inoculation of heatkilled organisms were reinoculated at varying intervals with living organisms. The results were similar to those already mentioned; no immunity was found.
XVhen the ferrets that had recovered from intratracheal inoculation were tested, no immunity was demonstrable to reinoculation either with living or heat-killed organisms, regardless of whether a route other than the original one was used.
The result of the foregoing experiment on immunity showed that an animal recovering from an intratracheal or intranasal inoculation of living or heat-killed organisms, was susceptible to subsequent inoculation. The pathology was studied in seven reinoculated animals and it was observed to be similar to that already described. No alterations attributable to the previous inoculation were noted.
Attempts at active immunization following injection with Sauer's vaccine3 and Kreuger's endoantigen2 were also made. These experiments are reported in detail in another paper. In brief, no immu-nity was observed in a few ferrets following attempts at active immunization with these vaccines.
Control Experiments
Various experiments indicated that the lesion produced was probably attributable to a toxic action of H. pertussis; the production of a similar lesion with heat-killed organisms, the failure to transfer this lesion by inoculation with lung suspensions, and the failure to demonstrate immunity in the recovered animals support this view. Experiments were then outlined to determine whether a similar lesion could be produced by other agents.
Filtrates of H. pertussis:
Filtrates were prepared by grinding the organism (scrapings from plate growth) in sterile sand for 30 min., suspending in saline, and passing the supernatant fluid through a Seitz filter. Intranasal instillation of the filtrate in 2 ferrets (F36 and F43) gave no reaction. F43 had a negative roentgenogram on the third day and the lungs of F36 showed no pathology on the seventh day. However, the unfiltered supernatant fluid from which H. pertussis grew on culture produced the typical pneumonic lesion in F 1 Kreuger's endoantigen2 injected intranasally into F31 also gave a negative response. A filtrate of a lung suspension from a child (J. P.) who died in the fourth week of whooping cough pneumonia also failed to produce any reaction in F54.
Extracts of H. pertussis:
In this experiment three fractions of the organism were tested by intranasal inoculation: First, alcohol ether extract; second, petroleum ether extract; and third, the residue which consisted primarily of protein material. The extracts were made of the yield of three Bordet-Gengou plates. No reaction or roentgenographic changes were observed following the inoculation of any of these components separately or when the three were combined. The process of fractionation presumably destroyed the toxic action of the organism. At necropsy subsequently the lungs were negative for pathologic change. Other Organismns:
Several other organisms were injected intranasally in 1 cc. doses to compare any lesions thus produced with the changes produced by H. pertussis. 388 1. Hemnolytic streptococcus: 1 cc. of an 18-hour broth culture of a mucoid streptococcus recovered from the nose of a ferret gave a negative reaction. A heat-killed mucoid streptococcus recovered from a patient with cellulitis of the face also gave a negative result.
2. Gram-negative bacilli: A mucoid gram-negative bacillus recovered from a ferret produced hemorrhagic pneumonia in F48. The changes in the lungs on the third day showed no resemblance to those produced by H. pertussis, the lesion consisting essentially in necrosis and polymorphonuclear exudation. An interstitial reaction was not present.
A suspension of Bacillus X recovered from a routine throat culture from a patient gave a negative result.
3. B. typhosus: A strain of B. typhosus recovered from the blood of a child who died from typhoid fever was also used. A heavy saline suspension from an 18-hour subculture on an Endo plate after being heated at 580 for forty minutes failed to produce any reaction. This heated suspension proved viable when cultured.
4. Pneumococcus: A type XXX pneumococcus recovered from the lungs of a fatal human case gave a mild febrile reaction but at necropsy no pathology was present in the lungs. Other Agents:
Several other agents were employed; broth washings of uninoculated Bordet-Gengou plates, cod-liver oil, mentholated-oil nosedrops, 10 per cent mucin, 30 per cent acacia, and diphtheria toxin (10 STD.). A total volume of 1 cc. was used as the inoculum intranasally. No reaction was observed in the clinical course, and roentgenograms of the lungs were negative.
Subcutaneous Inoculations
Experiments were designed to determine the reaction of ferrets to H. pertussis when inoculated subcutaneously. Attempts at intravenous inoculation proved unsatisfactory because of the difficulty in entering the vein. It was observed that when ferrets were inoculated subcutaneously with either heat-killed or living organisms a febrile illness resulted, together with swelling and induration at the site of inoculation. Necrosis of the center of the lesion was not unusual. The severity of the reaction depended on the dose used, which varied from 0.1 to 0.5 cc. The response following subcutaneous inoculation of animals recovered from intranasal inoculation or previously injected with Kreuger's endoantigen or Sauer's 389 vaccine subcutaneously was essentially the same as in the control ferrets. No hypersensitization to subcutaneous reinoculation was observed.
Summary of Experiments The results of the foregoing experiments show that a pulmonary lesion can be produced in the ferret following intratracheal or intranasal inoculation of living, heat-killed, or 3-year-old non-viable H. pertussis when given in sufficient doses. In general, small doses produce a short febrile illness without pneumonia and large doses produce a prolonged febrile illness with definite signs of pneumonia demonstrated roentgenographically and at necropsy. The pulmonary lesion may persist for weeks with final complete resolution. The lesion is chiefly about the bronchovascular rays, mononudear in type, and not unlike that seen in the human disease. No active immunity was demonstrable in ferrets after recovery from this reaction.
The pulmonary lesion produced in the ferret is probably due to a toxic property of the organism.
